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Abstract 

The soft breaking of gauge or other symmetries is the typical Quantum 
Field Theory phenomenon. In many cases one can apply the Stiickelberg 
procedure, which means introducing some additional field (or fields) and 
restore the gauge symmetry. The original softly broken theory corresponds 
to a particular choice of the gauge fixing condition. In this paper we use 
this scheme for performing quantum calculations for fermion-torsion the- 
Q |' ory, softly broken by the torsion mass in arbitrary curved spacetime. 
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1 Introduction 

■ Softly broken gauge symmetries are frequently an important property in Quan- 

Q\ [ turn Field Theory (QFT). One example is supersymmetry, which must be (most 

likely softly) broken in order to address the phenomenological applications and 
eventually experimental tests [T]. Another interesting application of the softly 
symmetry breaking is the effective QFT approach to the propagating torsion 
[21 [31 13] • The completely antisymmetric component of torsion can be described 
by the dual axial vector coupled to fermions through the axial vector current. 
The presence of the symmetry breaking mass of the axial vector is required for 
the consistency of the effective theory in the low-energy sector. Indeed, the 
massive couterterm shows up at 1-loop level. 

In many cases, one is interested not only in the classical aspects of the 
theory, but also in the derivation of quantum corrections. The subject of the 
present paper is the calculation of 1-loop effective action for the softly broken 
gauge theory of propagating torsion in curved space-time. Here, the kinetic 
term and the interactions terms in the classical action are gauge invariant while 
the massive terms are not. Consequently, the standard methods for evaluating 
the effective action face serious technical difficulties. As a strategy, we shall 
apply the Stiickelberg procedure [5], that is, we are going to restore the gauge 
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symmetry by introducing an extra field or a set of fields. More details and 
applications of the method to models with softly broken gauge symmetry in 
curved spacetime can be found in Ref . [5] . 

We are going to show that our approach means much simpler and more 
efficient calculation of quantum corrections. The difference is especially explicit 
for the massive torsion-fermion system which was originally elaborated in Ref. 
[3 . The present method provides an independent verification of our previous 
result in Ref. [5] and also enables one to perform the calculations in an arbitrary 
curved space-time, something that was impossible in the framework used in Ref. 



2 Massive softly broken torsion field coupled to 
fermion 

Torsion T^ 7 is an independent (along with the metric) quantity describing the 
spacetime manifold. It is defined by the relation (see, e.g., Refs. [H [7] for 
introduction) 

1 07 ~ 1 7/3 ~ 1 01 ■ 

It proves useful to divide torsion into three irreducible components T M , 5 M , 
as already known in literature. The interaction with the Dirac fermion is de- 
scribed in a quantum consistent way by the action for the theory of effective 
fermion-torsion system [2] (see also Refs. OH]), 

Stf = J cPx^-g j-1 Sl„ - \ M 2 Sl + ^ 7 M (V^ + irn 5 S^ + j . 

(1) 

Here = d^Sv — d v S^ M is the torsion mass, we consider only one non- 
vanishing component of torsion, T aj g 7 = — \£ a f5-y^ S 7 ', and V p is the covariant 
derivative without torsion. 

To calculate the 1-loop effective action for this model, one has to apply the 
generalized method of Schwinger-DeWitt [8] in the transverse vector space, as 
was done in Ref. [3] . Following the approach discussed in Ref. [6] , one can apply 
the Stuckelberg procedure by introducing a new scalar field, tp, and restoring 
the gauge symmetry in the following way: 

+ i^iV^+i^S^ + m ^exp^g-^ (2) 

The gauge symmetry must be supplemented by <p> — > ip' = <p — M[3. The original 
theory (fTJ) is restored when we use the gauge fixing condition ip = 0. 
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3 One-loop effective action and quantum 
(in) consistency 

In order to obtain the one-loop divergences for the original theory ([T]) , one has 
to put ip = in the general expression for the divergences of theory ([2]), which 
can be computed by the standard Schwinger-DeWitt method. Then the final 
result reduces to 

r ^ = - (4^(7- 4) / d ' lx ^ { 4 ^ - h 2 ^ + ^ 2 w^ lttv > + 

„ 9 t , f Sri 2 m 3 , 9 \ — 2n 2 m — _ , 8?? 4 m 2 . - , . , 



M 2 ' r T 3A/ 2 1 1 M 4 



(3) 



where V p = V p + «77 5 S' (9 and X>* = V p - i^Sp. 

It is worth mentioning that the above result is more general than the result 
of Ref. |3, . Indeed, it is valid in curved spacetime, where a new non-minimal 
coupling with curvature shows up. Of course this term is relevant for dynamics 
of Dirac particles in the curved background, but the theory contains the (4>ip) 2 - 
term which has non-trivial consequences. In fact, at 2-loop level, this term is 
responsible for appearance of the Feynman diagrams drawn in Fig. 1. 



Figure 1: 2-loop diagrams with quartic fermionic vertices. The wavy lines cor- 
respond to torsion propagator, and the others to the fermion one. 

Detailed calculation of these diagrams reveals the appearance of the (d^S^) 2 - 
type counterterm, which introduces longitudinal degrees of freedom breaking 
unitarity. This undesireble contribution can not be compensated by another 
2-loop diagrams, unless some artificial fine-tunning between different coupling 
constants takes place. 

Even if theory |T]) is not consistent at the quantum level, it can pehaps 
mimic some fundamental theory, as an effective theory. In this sense, it would 
be interesting to study the phenomenological consequences of the coupling term, 
gRipip. For instance, this term seems to introduce some kind of modified fermion 
mass, giving rise to an interesting non-trivial effect on the mass renormalization. 
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